Secondary hyperparathyroidism (SHPT) is a common complication in chronic renal disease. Osteoprotegerin (OPG), an extracellular cytokine receptor secreted by osteoblasts, can promote bone formation by inhibiting the function of osteoclasts. Hemodialysis (HD) patients have elevated serum OPG levels. OPG secretion can be suppressed with high parathyroid hormone (PTH) levels. HD patients with refractory SHPT can benefit from parathyroidectomy (PTX) treatment, but the changes of serum OPG, bone turnover markers and bone mineral density (BMD) following PTX in HD patients remain unclear. In this study, patients on maintenance HD who received PTX for refractory SHPT (n = 28) were prospectively followed for 1 year. Serum intact PTH (iPTH), alkaline phosphatase (Alk-P), and OPG were measured serially; BMD was measured pre-PTX and at 1 year after PTX. After PTX, serum iPTH levels reduced profoundly. Serum Alk-P levels increased rapidly, peaking at 2 weeks post-PTX, while serum OPG levels gradually increased at 2 weeks after PTX and peaked at 2 months. BMD improved in both femoral neck (FN; cancellous and cortical bone) and lumbar spine (LS; cancellous bone). Higher baseline iPTH levels were associated with greater FN and LS BMD improvements at one year after PTX. The increment of serum OPG was correlated with the increase in LS BMD, implying that inhibition of osteoclastic bone resorption may improve BMD within the first year after PTX. These findings suggest that PTX removes the suppressive effects of high PTH on OPG secretion, resulting in the increased serum OPG levels that may contribute to BMD improvement.
Secondary hyperparathyroidism (SHPT), a common complication in chronic renal disease, results from vitamin D deficiency, impaired mineral metabolism, and decreased renal function. SHPT is responsible for various disorders, including renal osteodystrophy (ROD), extraskeletal calcification, and cardiovascular disease (CVD), each of which increases the morbidity and mortality of these patients (Melamed et al. 2008; Tentori et al. 2008; Floege et al. 2011) . Elevated levels of parathyroid hormone (PTH) stimulate bone demineralization and lead to high bone turnover, a condition characterized by discordance between the formation and resorption of bone, with resorption being prominent. In medically refractory SHPT, the new bone formed is structurally inferior and fragile, with an increased fracture risk. The typical histological form of this condition is called either osteitis fibrosis or mixed osteodystrophy (Malluche and Faugere 1990; Sherrard et al. 1993) .
Hemodialysis (HD) patients exhibit higher than normal levels of osteoprotegerin (OPG), a decoy receptor that influences the PTH-bone metabolism pathway through its inhibitory action on osteoclasts. OPG may also promote bone regeneration and enhance new bone formation (Yao et al. 2011) . Dialysis patients exhibit higher serum OPG levels and lower serum levels of receptor activator of nuclear factor kappa-B ligand (RANKL), most likely to compensate for higher osteoclast activity. Serum OPG levels are lower in patients with adynamic bone disease (ABD) than in patients with predominant SHPT (Coen et al. 2002) . Approximately 50% of peritoneal dialysis patients show elevated OPG levels, indicating disturbed osteoclast function (Grzegorzewska and Mlot 2005) . HD patients with low femoral neck bone mineral density (BMD) display higher OPG levels than patients with normal BMD (Doumouchtsis et al. 2008) .
Parathyroidectomy (PTX) is a frequently used therapeutic procedure for managing refractory SHPT; this surgery has a profound effect on recovery of BMD (Stilgren et al. 2004) . A recent histomorphological study found that BMD increased after PTX due to abundant secondary mineralization by osteocytes, with diffuse mineralization observed in both the basic multicellular unit and the bone structural unit (Yajima et al. 2010) . Since OPG suppresses bone resorption and increased alkaline phosphatase (Alk-P) activity is associated with bone formation, both of these markers may be elevated during bone anabolism. High serum levels of Alk-P and OPG were reported in a study of high turnover bone disease (Yano et al. 1999) . However, the nature of the relationship between serum OPG and bone turnover markers following PTX is still debated.
The current study evaluated serial changes in iPTH, Alk-P, and OPG levels after PTX in dialysis patients, with the aim of clarifying the relationship between these markers and BMD changes during the first year after PTX. Our results demonstrated an association among OPG, Alk-P, and BMD changes.
Material and Methods

Patients
The study sample comprised 30 patients with refractory SHPT who were receiving long-term hemodialysis therapy. In this study, PTX was considered necessary when, despite optimal medical and dietary treatment, high serum iPTH persisted in combination with hypercalcemia, vascular calcification, severe osteopathy, drug-resistant hyperphosphatemia, and calciphylaxis. In addition, the diagnostic process was required to exclude adynamic bone disease (Frazao and Martins 2009) . All 30 patients underwent PTX in the nephrology unit of either the Cardinal Tien Hospital or the Tri-Service General Hospital, both situated in Taipei, Taiwan.
In patients with recurrent SHPT, the iPTH level normalizes (< 60 pg/ml) within 2 weeks after PTX, but becomes elevated again more than 6 months postoperatively (Yatsuka et al. 2002; Chen et al. 2011) . Patients with SHPT were excluded from the current study. This meant that data from 2 patients (6.7% of the sample or 2/30) were excluded from analysis because of recurrent SHPT during the 12-month followup. Additional potential participants had been excluded from the study because of the presence of recent infections, gastrointestinal diseases, chronic alcoholism, malignant diseases, coronary artery disease, and chronic obstructive pulmonary disease; or if the patient used mineralocorticoids, immunosuppressants, or anabolic agents (Epstein et al. 2001; Caplan et al. 2011) . Patients who had received renal transplants were also excluded.
The final sample of 28 patients included 9 pre-menopausal women, 5 post-menopausal women, and 14 men; the overall sample's mean age was 49.5 ± 10.5 years. The mean duration of hemodialysis therapy was 66.5 ± 16.4 months. The causes of renal failure were diabetic nephropathy (n = 6), hypertensive nephrosclerosis (n = 3), chronic glomerulonephritis (n = 9), polycystic kidney disease (n = 1), analgesic nephropathy (n = 1), and unknown causes (n = 8). No study patients had received aluminum-containing phosphate binders for at least 1 year prior to surgery. All patients had serum aluminum levels < 1.0 μmol/l. Each patient's body mass index (BMI) was calculated as body weight divided by the square of the body height (kg/m 2 ). The normal range for BMI is 18.5 kg/m 2 to 24 kg/m 2 . The control group (serum iPTH level < 300 pg/ml) consisted of 30 patients on long-term hemodialysis, whose sex and age distributions were similar to those of the study patients. One patient in the control group was lost during followup, and 1 patient died of sepsis; thus, the data of only 28 control patients were included in the final analysis (hence, the same number as the study group). The study was approved by the Institutional Review Board of Cardinal Tien Hospital and Tri-Service General Hospital (Taipei, Taiwan).
Parathyroidectomy (PTX)
Preoperative imaging was not performed routinely because four gland surgery was planned with Sestamibi scanning rarely showing all 4 glands (Coulston et al. 2010) . Those who had less than 4 glands removed received a thymectomy, which revealed no further parathyroid glands. The mean number of removed parathyroid glands was 3.93 ± 0.26 per patient. After total PTX had been performed, a small piece of the resected parathyroid tissue was divided into approximately 1-mm diameter pieces, and was autotransplanted into the subcutaneous fat of 1 forearm. Approximately 100 mg of tissue was grafted into each patient. Although vitamin D supplements had not been administered to the patients for at least 1 month before surgery, postoperatively they all received oral treatment with calcitriol (1,25(OH) 2 Vit D 3 , 2.0 µg/d). Calcitriol was administered orally postsurgery for 3 weeks after PTX to counteract the severe impairment in bone mineralization caused by decreased serum phosphorus and calcium levels (Yajima et al. 2003) . In addition, intravenous (i.v.) calcium gluconate was administered after surgery when required. Some patients also received calcium supplements at doses established daily.
In all patients, the iPTH level was < 100 pg/ml postoperatively, and the serum calcium level was maintained at approximately 8 to 9 mg/dl. Thereafter, in cases where the iPTH level rose to > 100 pg/ml, the serum calcium level was maintained at roughly 9 to 10 mg/dl by adding calcium salts and low-dose active vitamin D to prevent recurrent HPT. The vitamin D was discontinued when iPTH fell to < 70 pg/ml, to avoid adynamic bone disease (Yajima et al. 2001 ).
Blood Measurements Analysis of serum biochemical and bone metabolism parameters
On the day of PTX, after patients had fasted for 10 h, blood was drawn at 8:00 am and 9:00 am, and centrifuged within 30 min; this yielded the baseline (Day 0 or D0) level before the operation. After PTX, further blood samples were drawn on Day 2 (D2), and at 1 week (W1), 2 weeks (W2), 1 month (M1), 2 months (M2), 3 months (M3), 6 months (M6), 9 months (M9), and 12 months (M12). After collection, serum samples were immediately frozen and stored at −70°C until use. Samples were used to determine the levels of iPTH, phosphate, calcium, and other bone metabolism parameters. Total calcium, serum phosphate, Alk-P, and serum albumin were determined with an AU5000 automated chemistry analyzer (Olympus, Tokyo, Japan). Serum iPTH levels were measured in an immunoradiometric assay (Nichols Institute Diagnostics, San Juan Capistrano, CA, USA). Serum aluminum levels were measured with atomic absorption spectrometry in a graphite oven. Serum OPG (RayBiotech Inc., Norcross, GA) levels were measured using a commercially available enzyme-linked immunosorbent assay (ELISA).
BMD measurements
All patients underwent dual-energy X-ray absorptiometry (DEXA) scans to determine the BMD of the LS (L2-L4; cancellous bone) and the left FN (cancellous and cortical bone). A single technician certified by the International Society of Clinical Densitometry performed all DEXA scans on a fan-beam bone densitometer (QDR-4500A; Hologic, Waltham, MA, USA) (Huang et al. 2009 ). DEXA data for age-and sex-matched controls were obtained from the DEXA manufacturer's reference population, and comprised the BMD reference in this study.
Because BMD is influenced by age, sex, and renal osteodystrophy, previous research has recommended using T-scores to measure BMD in dialysis patients (Miller 2009 ). In this study, BMD was expressed as the T-score.
To evaluate the possible effects of aortic calcification on LS BMD assessment, lateral abdominal radiograph, which included vertebrae from at least T11 to L5, was recorded in most of our patients before and 1 year after PTX. None of the patients displayed extensive aortic calcification.
Statistical analysis
All data are reported as means and standard deviations (SD), unless otherwise stated. All statistical tests were performed with the Statistical Package for Social Sciences (SPSS version 17.0) for Windows (SPSS Inc, Chicago, IL). Univariate simple regression analysis was used to assess the linear relationship between parameters. The Shapiro-Wilk test of normality was used to test the distribution of variables, and the Spearman correlation coefficients were calculated when the normality test failed. A P-value of < 0.05 was considered statistically significant.
Results
Participant characteristics
General characteristics, clinical variables, and biochemical parameters of the study participants are shown in Table 1 . Compared with the control group, patients with SHPT had higher baseline (pre-PTX) levels of iPTH (normal value [NV] 10-65 pg/ml), Alk-P (NV 60-170 IU/l), OPG (NV 259.7 ± 65.2 pg/ml), total calcium (NV 8.5-10.5 mg/dl), and phosphate (NV 2.3-4.6 mg/dl).
We separated the study participants into 3 subgroups for analysis, namely pre-menopausal women (n = 9), postmenopausal women (n = 5), and men (n = 14). For the baseline OPG level, we found no significant difference between post-menopausal women and the men (1,568.72 ± 541.6 vs 2,238.0 ± 782.2, respectively; P = .098). However, Note: a P < .05, b P < .01, compared with Control at D0; c P < .05, d P < .01, compared with D0 (PTX); e P < .05, f P < .01, compared with PTX group at M12. Alk-P, alkaline phosphatase; BMD, bone mineral density; D0, Day 0, before PTX; FC BMD, Fractional change (%) in BMD between D0 and M12; FN, femoral neck; HD, hemodialysis; M12, 12 months after PTX; iPTH, intact parathyroid hormone; LS, lumbar spine; OPG, osteoprotegerin; PTX, parathyroidectomy; Pi, inorganic phosphate; TCa, Total calcium.
Reference value: iPTH, 10-65 pg/ml; Alk-P, 60-170 U/l; OPG, 259.7 ± 65.2 pg/ml; TCa, 8.5-10.5 mg/dl; Pi, 2.3-4.6 mg/dl; Albumin, 3.5-4.5 g/dl.
the baseline OPG level tended to be lower in post-menopausal women than in pre-menopausal women (1,568.72 ± 541.6 vs 2,389.4 ± 748.8 respectively; P = .053). None of the patients showed signs of malnutrition, and all had normal serum albumin levels (3.97 ± 0.41 g/dl).
Baseline BMD
As shown in Table 1 , the baseline (D0) BMD of FN and LS were 0.72 ± 0.07 g/cm 2 and 0.97 ± 0.07 g/cm 2 , respectively, in patients receiving PTX. For the control group, the D0 BMD of FN and LS were 0.79 ± 0.08 g/cm 2 and 1.02 ± 0.08 g/cm 2 , respectively. Prior to PTX, the baseline T-scores for FN and LS were significantly lower in patients with SHPT compared to control patients (P < .05 in both instances). The FN T-score for the study patients was significantly lower than their LS T-score (P < .001).
We found that the baseline LS T-scores were significantly lower in post-menopausal women compared to the male participants (−0.76 ± 0.72 vs −0.17 ± 0.45 respectively; P < .05). Furthermore, the baseline LS T-scores tended to be lower in post-menopausal women than in the pre-menopausal women (−0.76 ± 0.72 vs −0.21 ± 0.33; P = .07).
Biochemical parameter changes after PTX
After PTX, the study patients' serum bone markers improved. No reported permanent hypoparathyroidism occurred. There was a marked fall in iPTH levels after PTX, starting on D2 and continuing thereafter (D0: 1,263.8 ± 543.0 vs D2: 63.8 ± 37.1 pg/ml; P < .001) (Fig. 1a) . This pattern was sustained through to M12 (48.1 ± 19.5 pg/ml at M12; P < .001 compared with D0). The histomorphological changes revealed by bone biopsy are the gold standard for diagnosis of renal osteodystrophy. However, several serum bone markers are more conveniently used to measure changes in bone turnover (Malluche et al. 2011) . None of our patients had biochemical hypoparathyroidism, which was defined as iPTH levels < 20 pg/ml (Puccini et al. 2010) at long-term follow up. However, we could not exclude the possibility of low turnover bone disease because the mean serum intact PTH of our sample was 48.1 ± 19.5 pg/ml 1 year after PTX (Goodman et al. 1994; Yajima et al. 2001) .
A significant progressive increase in serum Alk-P levels commenced on D0 and peaked at Week 2 post-PTX (D0: 610.3 ± 258.0 vs W2: 896.5 ± 268.0 IU/L; P < .001). Thereafter, the serum Alk-P level progressively decreased, and had returned to baseline levels by M1 (639.9 ± 212.0 IU/L; P < .001). Nonetheless, M12 serum Alk-P levels were higher in study patients than in controls (P < .01) (Fig.  1b) . In contrast, serum OPG levels fell slightly during the immediate post-PTX period and started to increase after 2 weeks (D0: 2,167.1 ± 767.8 vs W2: 2,509.4 ± 611.7 pg/ml). Thereafter, OPG levels gradually rose and reached a peak at 2 months post-PTX (2,882.1 ± 730.2 pg/ml). After this period, the serum OPG level again fell gradually, but remained above normal levels by the end of the first year (2,826.0 ± 741.5 pg/ml) (Fig. 1c) . Both OPG and Alk-P is secreted by osteoblasts; thus, a progressive decrease in osteoblast activity as reflected in serum Alk-P level changes may explain the progressive decrease of serum OPG within 2 months post-PTX.
Temporary hypocalcemia was observed in all patients who received PTX. Serum calcium as measured at D0, D2, W1, W2, M1, M3, M6, M9, and M12 were 10.83 ± 0.83, 6.79 ± 0. 35, 6.96 ± 0.53, 7.23 ± 0.61, 8.59 ± 0.58, 8.96 ± 0.58, 9.05 ± 0.66, 8.89 ± 0.58, and 9 .24 ± 0.47 mg/dl, respectively.
BMD changes after PTX
The T-scores for FN and the LS had increased significantly within 12 months after PTX (for FN, D0 T-score: −0.94 ± 0.59 vs M12 T-score: −0.39 ± 0.51; P < .001; for LS, D0 T-score: −0.28 ± 0.52 vs M12 T-score: 0.76 ± 0.50; P < .001) (Table 1) . Furthermore, the increase in T-score was significantly greater for LS than for FN (1.04 ± 0.27 vs 0.54 ± 0.16 respectively; P < .001). The BMDs of FN and LS measured 1 year after PTX had increased by 8.3% and 12.3%, respectively.
Correlation analyses
We calculated univariate Spearman correlation coefficients to determine the relationships between serum iPTH, Alk-P, and OPG levels and changes in FN and LS T-scores at different times after PTX. For FN, baseline iPTH showed a significant and positive correlation with T-score changes (r = 0.78, P < .01), with the same pattern being evident for LS (r = 0.80, P < .01). Early-month serum Alk-P levels (D0 -M3) correlated significantly with changes in LS T-score 1 year after PTX (P < .05). Although baseline serum OPG level did not correlate significantly with BMD, the change in OPG level between baseline and second month (ΔM2-D0) was positively correlated with lumbar spine T-score changes 1 year after surgery (r = 0.53, P < .05). Fig. 2a shows the increment of serum OPG level [peak percentage change: (M2-D0)/D0 × 100%] was positively associated with baseline iPTH (D0 iPTH) level (r = 0.407, P < .05). Thus, when pre-PTX levels of PTH were high, post-PTX levels of OPG were also high. In Fig. 2b , the increment of serum OPG level was negatively associated with the increment in serum Alk-P level [peak percentage change: (W2-D0)/W2 × 100%] level (r = −0.44, P < .05), suggesting elevated bone formation may still be coupled with higher bone resorption after PTX.
Discussion
This study demonstrated that iPTH levels dramatically decreased following PTX. Serum Alk-P started to increase on postoperative on Day 2, and peaked at 2 weeks post-PTX. Serum OPG levels began to increase at postoperative Week 2, and peaked roughly 2 months after PTX. The baseline iPTH level was positively correlated with T-score Fig. 1 . Serial serum levels of bone metabolism markers before and after parathyroidectomy (PTX). (a) intact parathyroid hormone (iPTH), (b) alkaline phosphatase (Alk-P) and (c) osteoprotegerin (OPG). Before PTX: baseline (D0). After PTX: 1 day later (D2), 1 week (W1), 2 weeks (W2), 1 month (M1), 2 months (M2), 3 months (M3), 6 months (M6), 9 months (M9), and 12 months (M12). Alk-P levels peaked at W2 and OPG levels peaked at M2. *P < .05 and **P < .01 when compared with baseline data (D0).
changes in both FN and LS, as well as with the peak percentage change in OPG. The rise in serum OPG was positively related to increased LS BMD, suggesting that inhibition of osteoclastic bone resorption may play an important role in the BMD improvements within 1 year after PTX. This increased Alk-P levels observed during the early post-PTX period may be associated with hungry bone syndrome, where rapidly increased deposition of calcium into the bone results in severe hypocalcemia and improved in BMD (Peretz et al. 1992; Franca et al. 2011) . In patients with pre-dialysis chronic kidney disease or those on maintenance HD, elevated Alk-P is associated with increased vascular calcification and cardiovascular mortality (Schoppet and Shanahan 2008; Shantouf et al. 2009 ). Serum Alk-P promotes mineralization by removing inhibitory pyrophosphate (O'Neill 2006), therefore, Alk-P levels could predict a patient's calcium requirement after PTX (Goh et al. 2010 ). The increase in Alk-P after PTX may be caused by a rise in type 2 osteoblasts (Jilka et al. 1999 ), but we did not investigate this possibility. The progressive decline in Alk-P concentration after Week 2 post-PTX is probably due to the removal of the persistent PTH stimulus. Post-PTX calcium and calcitriol supplement may also have an impact. However, a previous study suggested that calcitriol usage in the post-PTX period does not play a major role in modulating serum Alk-P levels (Mazzaferro et al. 2000) .
Osteoprotegerin (OPG), also known as osteoclastogenesis inhibitory factor (OCIF), or tumor necrosis factor receptor superfamily member 11B (TNFRSF11B), is a protein of the tumor necrosis factor (TNF) receptor superfamily. OPG blocks the interaction between nuclear factor-kB (RANK) and its ligand (RANKL), thus inhibiting osteoclast differentiation and activity, and consequently preventing bone resorption (Bolon et al. 2001) . Calciotropic hormones and cytokines, including PTH, apparently act through a dual mode to inhibit OPG production and stimulate RANKL production (Vega et al. 2007) . Previous in vitro studies of osteoblasts have indicated that PTH either decreases (Huang et al. 2004) or does not affect (Coetzee et al. 2007 ) OPG levels. Decreased OPG gene expression was detected in bone biopsies of patients with primary hyperparathyroidism (PHPT), and was reversed after PTX (Stilgren et al. 2004 ). However, serum OPG did not correlate with PTH before surgery and was unaffected by PTX (Stilgren et al. 2003) and this finding may relate to intact kidney excretory function. Another study reported that endogenous PTH levels were negatively associated with OPG expression in human bone tissue (Seck et al. 2001 ).
The present study showed that high pre-PTX levels of PTH were associated with high post-PTX levels of OPG. This suggests that before PTX, high PTH levels may suppress OPG secretion and that PTX may remove the suppressive effects of PTH, resulting in markedly increased serum OPG levels. Our findings further suggested that increased bone formation and decreased bone resorption during the post-PTX period were coordinated by Alk-P and OPG; however, this possibility requires further investigation. Serum OPG concentrations are reduced in low-turnover renal bone disorders, while high PTH levels have been observed in high bone turnover renal osteodystrophy (Coen et al. 2002) . The increased serum OPG concentrations in patients with chronic kidney disease may be an adaptive mechanism to attenuate PTH-induced bone loss (Kazama et al. 2002) . The sensitivity of PTH to bone differs among dialysis patients (Andress et al. 1987; Slatopolsky et al. 2000; Iwasaki et al. 2006) . Thus, the relationship between PTH and OPG may also differ among these patients. Because the severity of high bone turnover depends partly on factors other than PTH, one may conclude that the effects of PTX on BMD and serum OPG also differ among patients. In the present study, the 1-84PTH/7-84PTH ratio was not determined, and dialysis patients with diabetes mellitus were included among the patients treated with PTX. We found that baseline iPTH before PTX was significantly and positively correlated with increased BMD in FN and LS. Thus, a higher pre-PTX level of iPTH indicates a higher BMD at 1 year post-surgery. The increment of serum OPG level was also directly associated with the baseline iPTH level, indicating that when pre-PTX iPTH correlates with high post-PTX OPG, consequently decreasing bone resorption and eventually resulting in increased BMD.
We also found that serum OPG increased progressively until 2 months after PTX. A previous histomorphological study reported that osteoblast surface increased until 1 week after PTX in cancellous bone, but that a progressive increase continued until 4 weeks post-PTX in the cortical bone (Yajima et al. 2007) . Because serum OPG is secreted by osteoblasts, these biopsy findings may explain the increased serum OPG levels observed in the early weeks after PTX in our cases. Serum OPG levels progressively decreased between postoperative Month 2 and Month 12, but remained higher than at baseline, suggesting that relatively suppressed bone resorption (through OPG) may persist for at least 12 months after PTX. In addition, the increment in Alk-P level was negatively associated with the increment in OPG level, suggesting that elevated bone formation may still be coupled with higher bone resorption after PTX.
Bone remodeling normally starts with the creation of resorption pits by osteoclasts, followed by apoptosis of osteoclasts, then osteoblast formation and mineralization (Parfitt 1998; Manolagas 2000) . However, this does not apply to the PTX patients in our study. The pathophysiology of hungry bone syndrome after PTX is similar to the bone marrow ablation model that has been used to investigate osteogenic capacity . Bone marrow ablation induces the rapid activation of bone synthetic activity. Initially, bone formation markers (e.g., Alk-P) were expressed in the bone formation phase, followed by the stimulation of OPG expression in the bone resorption phase (Tanaka et al. 2011 ). This finding is in line with our observation that, following PTX, there was a 4-to 8-week lag between changes in Alk-P and the subsequent parallel changes in OPG levels.
Serum OPG is not decreased in patients with PHPT, and its level is unaffected by PTX, despite an obvious reduction in PTH levels (Stilgren et al. 2003) . This may be due to the normal renal excretion of OPG that occurs in PHPT patients, unlike in renal failure patients (Stilgren et al. 2004) . High PTH and low estradiol inhibit OPG production; in a study of post-menopausal HD patients with moderate hyperparathyroidism, low serum OPG was associated with low BMD (Wu et al. 2010 ). In our study, both the baseline LS T-scores and serum OPG levels in post-menopausal women tended to be lower than those of pre-menopausal women before PTX; however, these differences were not statistically significant. The small sample size may have affected our statistical results.
Aortic calcification (AC) has a moderating influence on spine BMD measurements. Although overestimation of BMD is generally minimal, severe aortic calcification may distort LS assessments (Frye et al. 1992 ). Thus, we cannot exclude the influence of AC on LS BMD values. Our study was also limited by its small sample size, non-randomized design, and because bone Alk-P (a more specific enzyme subtype) and RANKL were not measured. Serum OPG may not reflect the levels and activity of these cytokines in the bone microenvironment. Thus, further studies, including histomorphometric analysis, are necessary.
In conclusion, this investigation of serial changes in bone markers revealed that the rapid decrease in serum iPTH levels after PTX was related to suppression of bone resorption and improvement of bone formation. Baseline iPTH was positively correlated with BMD changes in FN and LS, as well as increment in serum OPG levels. In addition, the increased serum OPG was positively related to the increment in LS BMD, suggesting that inhibition of osteo-clastic bone resorption may play an important role in improving BMD within the first year after PTX.
